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The o b j e c t  of t h i s  s tudy  of s e l e c t e d  coa l  samples us ing  a Scanning 
Elec t ron  Microscope (SEM) and E l e c t r o n  Probe (EP) w a s  t o  a s c e r t a i n  whether 
coa l  macerals, normally observed by r e f l e c t e d  l i g h t  i n  an o p t i c a l  microscope, 
could b e  i d e n t i f i e d  i n  t h e  emission images o f  backscat tered secondary e l e c t r o n s .  
A s  i t  w a s  d i f f i c u l t  t o  c h a r a c t e r i z e  f i n e l y  disseminated mineral  matter i n  coa l  
macerals using an o p t i c a l  microscope, it w a s  a l s o  important t o  explore  t h e  
p o s s i b i l i t y  of  eva lua t ing  t h e  d i s t r i b u t i o n  and chemical c h a r a c t e r  of t h e  mineral  
matter i n  t h e  maceral types us ing  t h e  x-ray e l e c t r o n  probe c a p a b i l i t y  of  the  
P h i l i p s  SEM. 

To compare t h e  o p t i c a l  and SEM microscopes i t  was  e s s e n t i a l  to  s e l e c t  
coa l  samples conta in ing  a wide v a r i e t y  of  maceral types and t o  p o l i s h  the sur face  
t o  be examined as f l a t  as poss ib le .  This w a s  e s s e n t i a l  t o  prevent  sur face  
r e l i e f  from c o n t r i b u t i n g  a r t i f a c t s  t o  t h e  secondary e l e c t r o n  emission.  Everhart  
(1) has shown t h a t  changing t h e  sur face  i n c l i n a t i o n  t o  t h e  beam by only  a few 
degrees produces an apprec iab le  change i n  t h e  number o f  secondary e l e c t r o n s  
produced. 

Kimoto and Russ (2)  p o i n t  ou t  t h a t  t h e  r e s o l u t i o n  of  a n  image with 

When t h e  e l e c t r o n  probe h i t s  t h e  specimen, s c a t t e r i n g  causes  t h e  probe 
a SEM i s  l imi ted  t o  t h e  s i z e  o f  t h e  a r e a  emi t t ing  photons o r  e l e c t r o n s  a t  any 
moment. 
t o  spread so t h a t  t h e  f i n a l  volume o f  e l e c t r o n  capture  i s  roughly teardrop-  
shaped as shown i n  Figure 1. Secondary e l e c t r o n s ,  with e n e r g i e s  up t o  about 
50 e V ,  are produced throughout t h i s  volume; however they are re$bsorbed a f t e r  
t r a v e l l i n g  only about lOOA,  so i t  i s  only  t h e  volume w i t h i n  lOOA o r  l e s s  o f  
t h e  sur face  t h a t  e m i t s  secondary e l e c t r o n s  that can b e  d e t e c t e d .  This volume 
i s  only a few tens  of angstroms l a r g e r  than t h e  diameter  of  t h e  i n c i d e n t  probe 
which has not  had much chance t o  spread.  Hence t h e  secondary e l e c t r o n  image 
provides  t h e  h ighes t  r e s o l u t i o n .  



- 82 - 

Bsckscattered e l e c t r o n s  come from a g r e a t e r  depth ,  and hence from 
a p o i n t  where the probe has  spread f u r t h e r ,  so t h a t  the  r e s o l u t i o n  o f  the  back- 
s c a t t e r e d  image i s  poorer  than  t h e  secondary e l e c t r o n  image. Elements with 
high atomic numbers b a c k s c a t t e r  a g r e a t e r  f r a c t i o n  of  i n c i d e n t  e l e c t r o n s  than 
ones with low atomic numbers. 

The photons of x- rays  o r  v i s i b l e  l i g h t  come from e s s e n t i a l l y  the 
e n t i r e  teardrop volume and hence g ive  the poores t  r e s o l u t i o n .  

EXPERIMENTAL 

A sample of Moss D3 c o a l  was pol ished f l a t  and examined with a L e i t z  
Pan P e l  Phot Microscope a t  a magni f ica t ion  of 450 us ing  an a i r  o b j e c t i v e .  
Figure 2 shows a l o c a t i o n  s e l e c t e d  f o r  examination which contained v i t r i n i t e ,  
semifus in i te ,  and a l a r g e  extremely dark wedge-like s t r u c t u r e  of what appears t o  
be spore m a t e r i a l ,  which could b e  r e a d i l y  i d e n t i f i e d  by i t s  wedge shape i n  the  
var ious  o ther  modes of examination i n  the scanning e l e c t r o n  microscope. A 
comparison of Figure 2 with F igure  3, which was taken of  t h e  same loca t ion  i n  
t h e  secondary emission mode, showed t h a t  dark bands of e x i n i t e  (E)  a t  the  top of 
Figure 2 may be assoc ia ted  w i t h  s imi la r  dark bands a t  t h e  top of Figure 3. The 
broad band of semifus in i te  (SF) i n  Figure 2 corresponds with a l i g h t e r  region 
i n  Figure 3. The dark wedge-like s t r u c t u r e  of what appears  t o  be spore m a t e r i a l  
i n  Figure 2 seems t o  have a n  o u t e r  r i m  of high e l e c t r o n  emission, as shown i n  
Figure 3, with a c h a r a c t e r i s t i c  dark thread- l ike  s t r u c t u r e  midway between t h e  
two walls of t h e  b r i g h t  zone. 
resistance due t o  t h e  high hydrogen content  and thus  b u i l d s  up a nega t ive  charge 
t h a t  might r e f l e c t  t h e  e l e c t r o n s  from the  probe. The s i g n i f i c a n c e  of  t h i s  
t h r e a d - l i k e  s t r u c t u r e  i s  no t  c l e a r  a t  present .  The dark apparent vo ids  i n  the 
s e m i f u s i n i t e  i n  Figure 2 do n o t  correspond i n  shape with s u f f i c i e n t  accuracy to  
be p o s i t i v e l y  matched with t h e  b r i g h t  a r e a s  i n  t h e  s e m i f u s i n i t e  i n  Figure 3. 

Poss ib ly  t h i s  s t r u c t u r e  has  a v e r y  high e l e c t r i c a l  

Figure 4 shows t h e  same l o c a t i o n  i n  the backscat tered mode. The white 
a r e a s  i n  Figure 4 i n  the  s e m i f u s i n i t e  correspond with t h e  white  a r e a s  i n  t h e  
secondary e l e c t r o n  mode i n  Figure 3. The converse o f  t h i s  s ta tement  i s  not  
t r u e .  
a r e a s  i n  Figures  4 t o  be a c c u r a t e l y  matched with t h o s e  i n  Figure 3. The areas 
o f  high e l e c t r o n  emission i n  t h e  backsca t te red  e l e c t r o n  mode are thought t o  be 
due to  mineral mat ter .  
i s  a t t r i b u t e d  t o  t h e  much h i g h e r  atomic number o f  t h e  mineral  matter as compared 
wi th  that  o f  t h e  coal  subs tance .  
no t  n e c e s s a r i l y  correspond t o  b r i g h t  a r e a s  i n  Figure 4. 
t h i s  i s  the  p a r t i c l e  marked X .  

The def in i t io 'n  i s  s u f f i c i e n t l y  sharp t o  permit  t h e  shapes o f  t h e  white  

The h igh  e l e c t r o n  emission o f  these  p a r t i c u l a r  a r e a s  

It is  noted t h a t  b r i g h t  a r e a s  i n  Figure 3 do 
A s t r i k i n g  example of  

This  prel iminary assessment was done using a Cambridge Scanning Elec t ron  
Microscope which a t  t h e  moment has  no f a c i l i t i e s  f o r  microprobe a n a l y s i s .  In 
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view of the importance of characterizing the mineral matter in coal, this 
preliminary investigation was extended using a Philips Model 4500 Electron 
Probe Analyzer with beam scanner. 

A sample of coal from the Tantalus Butte Mine, N.W.T., Canada, was 
selected for examination for its relatively high concentration of semifusinite- 
containing mineral matter. This sample was polished flat and a location was 
selected that was approximately half vitrinite, and half semifusinite. This 
was done using a Leitz Microscope at a magnification of 300 with a water- 
immersion lens, Figure 5 .  

This same location was then examined in the backscattered electron 
mode and the resulting image, shown in Figure 6 ,  reveals numberous light areas 
corresponding to the presence of the mineral matter in the semifusinite. On 
examining this same area with the microprobe analyzer using the first-order 
Si Kaline, the bright areas as shown in Figure 7 indicate the location of 
the silica. These areas of high silicon concentration are located in the region 
occupied by the vitrinite. With the Fe Ka first-order line, the bright areas 
correspond to areas of high iron concentration as shown in Figure 8. The area, 

I in which the iron occurs, appears to be largely concentrated in the semifusinite 
regions of the field. Using the Ca Kaline from a mica crystal the distribution 

I of calcium is shown to be concentrated in the semifusinite as may be seen frpm 
the location of the bright areas in Figure 9. Similarly, the carbon content 
was shown to be higher in the semifusinite region than in the vitrinite portion 
of the field, as may be seen in Figure 10. In this case, the CKa first-order 
line from a lead stearate crystal was used. 

I 

I 

I 

I 

I 
CONCLUSION 

1 -  1. - The macerals (vitrinite, exinite, fusinite, and semifusinite are 
visible in the secondary electron imago. The indications are that the optical 
interpretation can be considerably extended by taking into account the differences 
observed between the secondary electron image and that obtained from back- 
scattered electrons. 

2. The backscattered emission image generally indicates the presence 
of mineral matter in and between the maceral types. 

I 

I 
I 

3. The X-ray electron probe analyzer shows the iron and calcium to be 
concentrated in the semifusinite and fusinite portion of the field while the 
silica is concentrated in the vitrinite in the particular coal being studied. 
This tends to confirm the data recently obtained from washability studies that 
the high ash content is associated with higher concentrations of fusinite and 
semifusinite.(3) 

I 
b 

4 .  The carbon content appears to be higher in the fusinite and semifusinite 

h portion of the 

1 
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port ion of  the  f i e l d  than i n  the v i t r i n i t e .  
exis t ing information on the chemical character  of  these macerals. 

This would be expected from the 
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FIG. 2 Optical micrographs of the 
macerals a i r  object ive ref lected 
l i g h t  .X450. 

FIG :. 1 Penetration of incident  e lectron probe 
i n t o  sample. 
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FIG. 3 Scanning micrograph of the macerals 
of the same location as in Fig. 2 
X400 approximately. 

FIG. 4 Back-scattered electron micrograph 
of the same location as in Fig. 2 
approximately X400. 

FIG. 5 Optical micrograph of  the macerals of 
coal from Tantalus Butte Mine; water 
immersion reflected light X300. 

I\ 

FIG. 6 Back-scattered electron micrograph 
of the same location as in Fig. 5, 
approximately X500. 
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FIG. 7 Microprobe photograph of  the s i l i c a  FIG. 8 Microprobe photograph o f  the i ron  
X5 00 s o 0  

FIG. 9 Microprobe photograph o f  the calcium FIG. 10 Microprobe photograph of  the 
X5 00 carbon X500 


